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1
ANTI-ROTATION DEVICE AND METHOD OF
USE

BACKGROUND

1. Technical Field

The disclosure relates to the field of automatic separation
of items. More specifically, the present disclosure relates to
the automatic singulation of articles from a bulk stack of
articles.

2. Description of the Related Art

Articles, such as items of mail, are frequently provided in
bulk and must be separated in order to properly sort and route
each article. The process of separating a bulk stack of articles
into individual articles, known as singulation, can be done
automatically by placing the bulk stack of articles into a
feeder. Current feeders include one or more conveyor belts for
moving the articles, as well as a vacuum for applying suction
to one side of an article piece positioned at the front of the
bulk stack. This suction works to separate the lead article
from the remainder of the bulk stack. The lead article can then
be moved by a conveyor belt in a direction different from the
direction of the bulk stack. Such a design frequently causes
problems when used to sort some articles, such as magazines,
catalogs, and other similar items having a plurality of
unbound edges. The vacuum often applies suction to only a
front portion of such articles, thereby inducing only the front
portion to move in a different direction than the remainder of
the bulk stack. In such situations, at least some of the internal
pages and the back cover resist the directional change in
motion, possibly resulting in folding, tearing, and/or other
damage to the article.

SUMMARY

The present disclosure describes devices and methods used
to reduce rotation of an article during singulation of a bulk
stack of articles. In some embodiments, the devices and meth-
ods disclosed herein are intended to apply a frictional force to
aback surface of an article, while suction and an accelerating
force are applied to a front surface of the article. In some such
embodiments, the frictional force is intended to hold the
article together, to resist tearing, and cause the article to move
as a single, unitary article. Some embodiments disclosed
herein reduce the amount of folding, tearing, or other damage
experienced by articles during the article separation and sort-
ing process.

The embodiments disclosed herein each have several inno-
vative aspects, no single one of which is solely responsible for
the desirable attributes of the invention. Without limiting the
scope, as expressed by the claims that follow, the more promi-
nent features will be briefly disclosed here. After considering
this discussion, one will understand how the features of the
various embodiments provide several advantages over cur-
rent singulation methods and devices.

One aspect of the disclosure relates to a device for reducing
rotation of an article during singulation of a stack of articles.
In some embodiments, the device includes a torsion element
connected directly or indirectly to a base, a rotatable member
coupled to the torsion element and rotatable about an inner
axis of the torsion element between at least a first position and
a second position, and a revolving member coupled to the
rotatable member and configured to revolve about a central
axis extending angularly relative to an elongated axis of the
rotatable member. In the first position of the rotatable mem-
ber, an outer surface of the revolving member is in contact
with a drive belt. In the second position of the rotatable
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member, the torsion element applies a torque to the rotatable
member and the revolving member, and the outer surface of
the revolving member is in contact with, and applies a force
to, a back face of an article, the article having a front face in
contact with the drive belt.

In some embodiments, the torsion element is a torsion bar
connected to the base. In other embodiments, the torsion
element is a helical torsion spring disposed within or around
a structural support member, and the structural support mem-
ber is connected to the base.

In various embodiments, the rotatable member is config-
ured to transition from the first position toward the second
position when the drive belt brings the article in contact with
the revolving member. The rotatable member of some
embodiments is a lever arm.

In some embodiments, the central axis, which the revolv-
ing member is configured to spin about, extends perpendicu-
larly relative to the elongated axis of the rotatable member.

In some embodiments, the force applied by the revolving
member to the back face of the article includes a frictional
force.

The revolving member of some embodiments includes a
plurality of wheels. In some embodiments, the device also
includes a shaft positioned along the central axis. The shaft is
coupled to the rotatable member, and the revolving member is
disposed about, and configured to spin relative to, the shaft. In
other embodiments, the revolving member includes a shaft
portion and an extended wheel portion fixed to the shaft
portion. The shaft portion and the extended wheel portion are
configured to spin about the central axis, and the shaft portion
is coupled to the rotatable member.

An additional aspect of the disclosure relates to a system
for singulating a stack of articles while reducing damage to
each article. The system of various embodiments includes a
conveyor belt configured to move a stack of articles forward,
a drive belt configured to laterally accelerate an article in the
stack of articles, and an anti-rotation device configured to
provide a frictional force to a back face of the article to resist
upward motion of the back face during lateral acceleration of
the article. The anti-rotation device includes a torsion element
connected directly or indirectly to a base, a rotatable member
coupled to the torsion element and rotatable about an inner
axis of the torsion element between at least a first position and
a second position, and a revolving member coupled to the
rotatable member and configured to revolve about a central
axis extending angularly relative to an elongated axis of the
rotatable member. In the first position of the rotatable mem-
ber, an outer surface of the revolving member is in contact
with the drive belt. In the second position of the rotatable
member, the torsion element applies a torque to the rotatable
member and the revolving member. Also in the second posi-
tion, the outer surface of the revolving member is in contact
with the back face of the article, the front face of the article
being in contact with the drive belt.

In some such embodiments, the drive belt and the conveyor
belt are positioned on different, non-parallel planes. The drive
belt of some embodiments is perforated. In some embodi-
ments, the system also includes an air-moving component
configured to apply a suction force to the front face of the
article in order to couple lateral movement of the drive belt
with lateral movement of the article.

A further aspect of the disclosure relates to another system
for singulating a stack of articles while reducing damage to
each article. The system includes means for moving a stack of
articles forward, means for separating and laterally acceler-
ating a forward-most article from the stack of articles, and
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means for applying friction to a back face of the article to
resist upward motion of the back face during lateral accelera-
tion of the article.

In some embodiments, the means for moving the stack of
articles forward includes a first conveyor belt. In some
embodiments, the means for separating the article from the
stack of articles includes an air-moving apparatus and a sec-
ond conveyor belt having an air hole. The air-moving appa-
ratus of some such embodiments includes a vacuum; in other
embodiments, the air-moving apparatus includes a forward-
blowing fan. In some embodiments, the means for applying
friction comprises a revolving member indirectly coupled to
a torsion element.

In another aspect of the disclosure, a method of singulating
a stack of articles is provided, which reduces damage to the
articles in the stack. In various embodiments, the method
includes moving a stack of articles forward, separating and
laterally accelerating a forward-most article from the stack of
articles, and applying a force to the forward-most article in
order to resist upward motion of the back face during lateral
acceleration of the forward-most article. The force is applied
to the back face by a revolving member indirectly coupled to
a torsion element.

In some embodiments of the method, the force comprises a
frictional force. The frictional force of some such embodi-
ments is applied by the revolving member when a lever arm
coupled to the revolving member rotates about an elongated
inner axis of the torsion element from a first position to a
second position and the torsion element exerts a torque on the
lever arm. In some such embodiments, the torsion element is
a torsion bar or a helical torsion spring.

BRIEF DESCRIPTION OF THE DRAWINGS

The above-mentioned aspects, as well as other features,
aspects, and advantages of the present technology will now be
described in connection with various embodiments, with ref-
erence to the accompanying drawings. The illustrated
embodiments, however, are merely examples and are not
intended to be limiting.

FIG. 1 is a schematic illustration of a bulk stack of articles
being singulated.

FIG. 2 is a schematic illustration of an open article.

FIG. 3 is a schematic diagram illustrating the forces
applied to an open article during singulation via a prior art
mail feeder.

FIG. 4 is a side elevation view of one embodiment of an
anti-rotation device.

FIG. 5 is a perspective view of one embodiment of an
anti-rotation device.

FIG. 6 is a schematic diagram illustrating the forces
applied to an open article during singulation when one
embodiment of an anti-rotation device is present.

FIG. 7 is a side elevation view of one embodiment of a
torsion rod found within an embodiment of an anti-rotation
device.

FIG. 8A is a side elevation view of one embodiment of a
torsion element.

FIG. 8B is a top plan view of another embodiment of a
torsion element.

FIG. 8C is a side elevation view of one embodiment of a
structural support member found within an embodiment of an
anti-rotation device.

FIG. 9 is a schematic illustration of a bulk stack of mail
being singulated when one embodiment of an anti-rotation
device is present.
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DETAILED DESCRIPTION OF CERTAIN
EMBODIMENTS

In the following detailed description, reference is made to
the accompanying drawings, which form a part of the present
disclosure. The illustrative embodiments described in the
detailed description, drawings, and claims are not meantto be
limiting. Other embodiments may be utilized, and other
changes may be made, without departing from the spirit or
scope of the subject matter presented here. It will be readily
understood that the aspects of the present disclosure, as gen-
erally described herein, and illustrated in the Figures, can be
arranged, substituted, combined, and designed in a wide vari-
ety of different configurations, all of which are explicitly
contemplated and form part of this disclosure.

To assist in the description of the devices and methods
described herein, some relational and directional terms are
used. “Connected” and “coupled,” and variations thereof, as
used herein include direct connections, such as being con-
tiguously formed with or attached directly to, on, within, etc.
another element, as well as indirect connections where one or
more elements are disposed between the connected elements.
“Connected” and “coupled” may refer to a permanent or
non-permanent (i.e., removable) connection.

“Secured” and variations thereof as used herein include
methods by which an element is directly fastened to another
element, such as being glued, screwed or otherwise affixed
directly to, on, within, etc. another element, as well as indirect
means of attaching two elements together where one or more
elements are disposed between the secured elements.

The devices, systems, and methods described herein pro-
vide for improved separation or singulation of articles pro-
vided in bulk stacks. For example, in various embodiments,
the disclosed devices, systems, and methods provide for
improved separation of articles, such as articles of mail. Vari-
ous embodiments reduce rotation of an article during singu-
lation by applying a frictional force to a back surface, such as
the back cover of the article. This frictional force is often
applied while suction and an accelerating force are applied to
a front surface, such as the front cover of the article. The
frictional force is intended to hold the article of mail together
to reduce the amount of folding, tearing, or other damage
experienced by the article during singulation. While various
embodiments included herein are described in relation to
stack feeders and the process of singulating articles of mail,
this example is provided for ease of discussion, and the dis-
closure is not limited thereto. One of skill in the art will
appreciate that various embodiments disclosed herein are
applicable to a variety of manufacturing and assembly appli-
cations involving the separation of individual articles from a
bulk stack of goods, and all such applications are hereby
expressly contemplated and incorporated herein.

Bulk stacks of articles are often sorted via a singulator. For
example, as shown in the partial view of an article feeder 100
in FIG. 1, a horizontal conveyor belt 102 is configured to
move a horizontal bulk stack of mail 110 toward a vertical
conveyor belt 104, and the vertical conveyor belt 104 is con-
figured to move the articles laterally as compared to the
horizontal conveyor belt 102. A horizontal bulk stack of
articles 110 may be a stack wherein one of the long edges of
each article, such as the long, bound edge of the articles, are
all oriented in the same direction, and the bound edges 112 are
aligned along the relatively horizontal plane of the horizontal
conveyor belt 102. Each article within the bulk stack 110 is
positioned parallel to the other articles, and the front and back
faces of each article are relatively perpendicular to the hori-
zontal plane of the horizontal conveyor belt 102, often with a
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01to 10 degree lean relative to the perpendicular position. The
mail articles within the stack touch and support each other.

The horizontal conveyor belt 102 and the vertical conveyor
belt 104 are positioned in perpendicular planes. As the bulk
stack of mail 110 is carried along by the horizontal conveyor
belt 102 toward the vertical conveyor belt 104, a front surface
of a lead article 114 approaches the vertical conveyor belt
104. The vertical conveyor belt 104 is perforated with air
holes 106. An air-moving component (not shown) is posi-
tioned in front of the vertical conveyor belt 104 to form a
vacuum-backed vertical conveyor belt assembly. The inclu-
sion of the air-moving component causes air to move from the
rear, mail carrying side 108 of the vertical conveyor belt 104
through the air holes 106, thereby creating a suction force on
the rear side 108 of the vertical conveyor belt 104. The air-
moving component may be a forward-blowing fan, a pump, a
vacuum, or any other partial-vacuum-inducing component
known to one of skill in the art. The suction created by the
air-moving component works to separate the lead article 114
from the remainder of the bulk stack 110. The suction causes
at least the front surface of the lead mail article 114 to couple
to the vertical conveyor belt 104, inducing the front-most mail
article 114 to move laterally with the vertical conveyor belt
104. More detail regarding the operation of an automatic
feeder for a stack of articles can be found in U.S. patent
application Ser. No. 13/797,291, filed on Mar. 12, 2013, the
contents of which are herein incorporated by reference in
their entirety.

FIG. 2 depicts an open article 200. An open article, such an
article of open mail, is defined as an article that is only bound
onone of four edges and is not enclosed in a container such as
an envelope, plastic bag, or outer sleeve. Open mail often
includes magazines and catalogs, which have a front cover
202, a back cover 204, and one or more internal pages 206
bound together along a horizontal binding 208. Because the
open mail article 200 does not have a unitary body, but rather
has multiple pages capable of moving independently along
three edges, open articles, such as open mail pieces, are
particularly susceptible to damage.

As shown in FIG. 3, when an open article 300 transitions
from moving forward with along the horizontal conveyor belt
102 to accelerating laterally due to the vertical conveyor belt
104, a variety of forces are exerted on various portions of the
open mail article 300. During singulation, the suction
strength of the vacuum is regulated and maintained at a rela-
tively low value to avoid picking up more than one article of
mail at a time. The vacuum created by the air-moving com-
ponent may only be forceful enough to provide suction to a
front surface (not shown) of the open article 300. In such
situations, only the front cover 302 (and at times, one or more
of the internal pages) is picked up by the suction force and is
accelerated laterally with the perforated, vacuum-backed,
vertical conveyor belt 104. The back cover 304 resists the
directional change in motion. That is, when the acceleration
force 310 is applied to the front cover 302 of the open article
300 by the vacuum-backed lateral-moving conveyor belt, an
inertial force 312 acts through the center of gravity 306 of the
back cover in the opposite direction. The interplay of these
competing forces imparts shearing forces and torque 314 on
the binding 308 of the open article 300. These forces may
causes a portion of the article 300 to pivot about an upstream
corner 309. As a consequence, often, a downstream portion
305 of the back cover 304 twists upward. This twisting can
lead to tearing, folding, and other damage to the open article
300.

In order to reduce damage to mail articles, some embodi-
ments disclosed herein aim to hold each open article closed
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such that friction is generated between the front cover, back
cover, and internal pages of each article. The internal friction
then works to resist inertial forces and reduce shearing forces
generated on the cover and binding. Additionally or alterna-
tively, some embodiments disclosed herein aim to provide a
downward reaction force on the back cover of each mail
article as the article is accelerated laterally, thereby distribut-
ing the torque that is generated by the inertial forces over both
the frontand back cover. Some embodiments disclosed herein
may achieve one or more of the above-recited aims, at least in
part, utilizing spring-loaded high friction wheels having low
friction bearings. More generally, various embodiments
described herein may achieve one or more of the above-
recited aims through the inclusion of an anti-rotation device.

FIG. 4 provides a side plan view of one embodiment of an
anti-rotation device 400 for inclusion in an article feeder. In
some embodiments, the anti-rotation device 400 includes a
torsion element, such as, for example, a torsion bar 410. The
torsion bar 410 is connected to a base 405. The base 405 may
be any supportive, component or surface of the stack feeder.
In some embodiments, the torsion bar 410 is a generally
straight rod pivotably connected to the base 405 such that the
torsion bar 410 pivots about an axis of rotation 412 running
through the center of the torsion bar 410. In some embodi-
ments, the torsion bar 410 is made of an elastic material which
allows for rotational flexibility or elasticity of the torsion bar
410. The pivotable connection between the torsion bar 410
and the base 405 allows a pivot between at least a first relaxed
position and a second, twisted position in which a torque is
applied to atleast portion of the torsion bar 410. In the second,
twisted position, potential energy is stored in the torsion bar
410, motivating the torsion bar 410 to return to the first
configuration. In some embodiments, as will be described
below in greater detail, the torsion bar comprises a rotation
resistance member, or is otherwise configured to resist rota-
tional movement.

The anti-rotation device of some embodiments comprises a
rotatable member, such as, for example, a lever arm 420. In
the depicted embodiment, the lever arm 420 has a threaded
through hole 422 on a proximal portion of the lever arm 420.
The threads of the through hole are configured to be disposed
around, and securely engage, complementary threads (not
visible) disposed on at least a portion of an outer surface of the
torsion bar 410. In some embodiments, any other suitable
engagement mechanism known to one of skill in the art may
be utilized to secure the lever arm 420 to the torsion bar 410.
For example, in some embodiments, a snap fit, arivet, a screw,
a friction fit, or permanent melding or welding, or any other
desired engagement mechanism may be used. In some
embodiments, the torsion bar 410 and the lever arm 420 may
be distinct portions of the same unitary object and are inte-
grally formed, as a non-limiting example, by means of injec-
tion molding. As the lever arm 420 is attached to the torsion
bar 410, the lever arm 420 is rotatable about the axis of
rotation 412 of the torsion bar 410 between at least a first
position and a second position. The anti-rotation device 400
of FIG. 4 is shown in the first, non-rotated position. In some
embodiments, the extent of rotation between the first position
and the second position is only a couple degrees or less. In
other embodiments, the extent of rotation between the first
position and the second position may be 5 degrees, 15
degrees, or any value therebetween. In some embodiments,
the range of rotation between the first position and the second
position may be greater than 15 degrees. In some embodi-
ments, the lever arm 420 rotates about the axis of rotation 412
of the torsion bar 410 within a plane of rotation that is sub-
stantially parallel with the base 405.
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Some embodiments of the anti-rotation device comprise a
revolving member coupled to a distal portion of the lever arm
420. For example, the anti-rotation device 400 comprises a
plurality of wheels 440 coupled to the distal portion of the
lever arm 420. In some embodiments, the plurality of wheels
440 is coupled to the distal portion of the lever arm 420 by
means of a wheel shaft 430. The wheels 440 are disposed
around the wheel shaft 430 and rotate relative to the wheel
shaft 430 via low friction bearings which are disposed at
intervals on the wheel shaft 430.

The wheel shaft 430 is coupled to a distal portion of the
lever arm 420 via threads (not visible) positioned on a bottom
end of the wheel shaft’s outer surface. The threads are con-
figured to securely engage complementary threads disposed
around a through hole 424 in a distal portion of the lever arm
420. In other embodiments, any other suitable engagement
mechanism known to one of skill in the art may be utilized to
secure the wheel shaft 430 to the lever arm 420. For example,
in some embodiments, a snap fit a rivet, a screw, a friction fit,
or permanent melding or welding, or any other desired
engagement mechanism may be used. In some embodiments,
the wheel shaft 430 and the lever arm 420 may be distinct
portions of the same unitary object.

In some embodiments, the wheels 440 are non-movably
fixed to the wheel shaft 430 and the wheel shaft 430 is coupled
to the lever arm 420 via a low friction bearing. In such
embodiments, the wheel shaft 430 is configured to rotate
relative to the lever arm 420, which in turn, rotates the wheels
440. In some embodiments, a rotating cylinder or other
revolving member may couple to the lever arm 420 via a
wheel bracket or via a shaft portion extending from one end of
the revolving member. In various embodiments, the revolving
member spins about an axis extending angularly relative to an
elongated axis of the rotatable member.

In some embodiments, each of the plurality of wheels 440
has an equal diameter and shares an axis of rotation 445. The
wheels 440 spin about the wheel shaft 430 around axis of
rotation 445, which is positioned perpendicularly to an elon-
gated axis 426 of the lever arm 420.

FIG. 5 provides a perspective view of an embodiment of an
anti-rotation device 500, shown in the first position. The
anti-rotation device 500 may be similar to the anti-rotation
devices described with regard to FIG. 4. As described above,
the anti-rotation device 500 may be configured to rotate
between at least a first position and a second position. In the
first position, the torsion bar 510 is in an initial state. The
torsion bar 510 is pivotably connected to a base 505, and the
pivotable connection is disposed near the drive belt 550. The
lever arm 520 extends from the torsion bar 510 at an angle
which places an outer surface 542 ofthe wheels 540 in contact
with a drive belt 550. The wheels 540 are rotatably connected
to the wheel shaft 530. The proximity of the pivotable con-
nection between the torsion bar 510 and the base 505 allows
the wheels 540 to rest in contact with the drive belt 550
without creating significant losses of energy of the drive belt
550 due to friction.

The outer surface 542 of the wheels 540 are configured to
rotate. Thus, when the drive belt 550 moves, the friction
between the outer surface 542 of the wheels 540 and the drive
belt 550 causes the wheels 540 to rotate around wheel shaft
530. As described above, the drive belt 550 may be used to
singulate an article using a vacuum force exerted through one
or more openings in the drive belt 550.

As described above, the drive belt 550 is configured to
move an article 560, for example, an open article such as a
magazine, catalog, or any other article, laterally into the stack
feeder as part of the process of singulation. As the drive belt
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550 moves the article 560, the article 560 contacts a portion of
the outer surface 542 of the wheels 540, the article 560 applies
a force to the lever arm 520, which causes the torsion bar 510
to rotate. The rotation of the torsion bar 510 allows the wheels
540 to move away from the belt 550, and to roll onto an outer,
back cover of the article 560. The lever arm 520 is pushed by
the laterally moving mail article 560 into the second position,
thereby making room for the article 560 to pass between the
drive belt 550 and the outer surface 542 of the wheels 540.
The push from the moving mail article 560 causes the lever
arm 520 to angularly rotate within its plane of rotation, which
is parallel to the base 505 and the floor. This rotation of the
lever arm 520 applies torque to a portion of the torsion bar
510, causing the torsion bar 510 to twist or rotate about an
axis. As will be described below, the torsion bar 510 is con-
figured to resist such motion, and the twisting generates ten-
sion or potential energy in the torsion bar 510. The tension
causes the torsion bar 510 to apply a counter-torque to the
lever arm 520, thereby resisting the rotation, and biasing the
lever arm 520 back towards the first position. The rotation,
tension, counter-torque and resulting forces generated by the
twisting torsion bar 510 cause the wheels 540 to apply a force
onto the article 560, which effectively pushes the article 560
into the drive belt 550, and pushes a back cover 562 towards
a front cover of the mail article 560.

FIG. 6 depicts at least some of the forces acting on an
article 600 when an anti-rotation device having wheels 640 is
present in a stack feeder. In various embodiments, each wheel
640 has a high friction outer surface 642, which resists any
upward motion of a back cover 602 of the article 600 due to
the force applied to the front cover (not shown), as described
with reference to FIG. 3. Specifically, the lateral acceleration
force 610 is applied to a front cover of the article 600 and
inertial forces 612 act on the back cover 602 in the opposite
direction. The interplay of these forces may result in the back
cover 602 pivoting about an upstream corner 606 of a binding
604. To counter act this pivoting, the wheels 640 apply a
counter-force to the back cover 602 of the article 600, which
prevents twisting of the binding 604. By holding the front
cover and back cover 602 of the mail article 600 together and
providing a downward reaction force 616 on the back cover
602, the anti-rotation device distributes the torque 614 gen-
erated due to the lateral acceleration force 610 and the inertial
force 612 over both the front and back covers and reduces the
shearing stresses exerted on the binding 604 of the article 600.

Moreover, by pushing the back cover 602 toward the front
cover using the wheels 640 and the resistance of the torsion
bar, friction is created within the article 600 between the
covers, and the friction acts to resist inertial shearing forces
generated on either one of the covers. Thus, the anti-rotation
device of various embodiments allows acceleration forces
610 to be applied to the article 600 without damaging the
binding 604, the front cover or the back cover 602. Addition-
ally, the wheels 640 rotate freely about the wheel shaft 630 via
low-friction wheel bearings so that the presence of the wheels
640 does not add any new significant shearing forces to the
article 600.

FIG. 7 depicts a portion of an embodiment of an anti-
rotation device 700. In FIG. 7, a torsion bar 710 and a portion
of'alever arm 720 are in a second position. As shown, rotating
the lever arm 720 from a first position to a second position
through angle 702 causes the torsion bar 710 to twist. As
described in detail above, the twisting generates a reaction
torque in the torsion bar 710, motivating the torsion bar 710
and the coupled lever arm 720 back toward the first position.
The torsion bar 710 can be formed of any suitable elastic
material known to one skilled in the art. In some embodiments



US 9,056,738 B2

9

of an anti-rotation device, the torsion bar may be comprise, at
least in part, by a helical torsion spring. In other embodi-
ments, any other torsion element known to one skilled in the
art may be used.

One embodiment of a torsion element, specifically, a heli-
cal torsion spring 800, is depicted in FIGS. 8A and 8B. As
shown in FIG. 8A, the helical torsion spring 800 is formed of
a coiled rod or wire 802 made of any suitable elastic material
known to one skilled in the art, such as metal, steel, plastic, or
other desired material. The torsion spring 800 includes a top
end 804, a bottom end 808, and a plurality of coils 806. As
shown in FIG. 8B, when a sideways force, also referred to as
a bending moment or a torque, is applied to the top end 804,
the top end 804 rotates inward, for example, from a first
position 800q to a second position 8005, and the plurality of
coils 806 coil tighter. The rotation generates a reaction torque
in the torsion spring 800, motivating the torsion spring 800
and a coupled lever arm 820 (shown in FIG. 8C) back toward
the first position 800a.

In anti-rotation device embodiments having a torsion
spring 800, such as, for example, the anti-rotation device
partially depicted in FIG. 8C, the torsion spring 800 is dis-
posed within or around a structural support member 810. The
structural support member 810 is immovable and connected
to abase 805. In some embodiments, the torsion spring 800 is
at least partially disposed within the structural support mem-
ber 810, with a top end 804 protruding from the structural
support member 810 and integrated into the lever arm 820. In
some embodiments, the top end 804 may be embedded in the
lever arm 820, or may be fastened by mechanical means such
as a weld, a bracket, a screw, a rivet, or any other suitable
fastening mechanism. The bottom end 808 of torsion spring
808 may be fixedly attached to the base or a non-moving
torsion bar 810.

In operation, an article exerts a force felt on the lever arm,
and the movement of the lever arm 820 results in movement
of the top end 804 of the torsion spring 800. The bottom end
808 is fixedly attached, and thus, does not move. The move-
ment of the top end 804 compresses the tension spring and
stores potential mechanical energy within torsion spring 808,
and resists the movement of the lever arm 820. In some
embodiments, the torsion spring 800 is affixed to, and dis-
posed around, the structural support member 810, within a
bearing surrounding the structural support member 810. In
such embodiments, a top end 804 of the torsion spring 800 is
again integrated into, or coupled to, the lever arm 820 such
that movement of the lever arm 820 from a first position 800a
to a second position 8005 causes the top end 804 of the torsion
spring 800 to move accordingly. Such movement generates
tension within the torsion spring 800 and causes the torsion
spring 800 to apply a force to the lever arm 820 which resists
rotational movement of the lever arm 820.

FIG. 9 depicts an embodiment of a stack feeder 900 for
singulating a stack of articles which minimizes damage to
each article by using an anti-rotation device 920. The stack
feeder 900 comprises a horizontal conveyor belt 902 config-
ured to move a stack of articles 910 forward, as described
above. The stack feeder also comprises a drive belt assembly
having a perforated drive belt 904 and a vacuum (not visible).
The vacuum is configured to generate a suction force on the
carrying surface 908 of the perforated drive belt 904. With
such a configuration, the drive belt assembly is designed to
pick up a leading article 914 in the stack of articles 910 using
suction, couple the motion of the leading article 914 to the
motion of the drive belt 904, and accelerate the leading article
914 laterally in the direction of a sorting component. In order
to accelerate the mail article 914 without causing tearing or
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other damage to the article, an anti-rotation device 920 is
positioned at or near the location of article acceleration. The
anti-rotation device 920 includes some or all of the features
described herein above.

Using such a stack feeder 900, a method of singulating a
stack of articles 910 can be performed. In one embodiment,
such a method includes moving a stack of articles 910 for-
ward, separating and laterally accelerating the leading article
914 from the stack of articles 910, and applying friction to a
back cover of the leading article 914 to resist upward motion
of the leading article 914 during lateral acceleration. In vari-
ous embodiments, friction is applied to the back cover by a
plurality of wheels 922 coupled to a spring-loaded lever arm
924, which form part of an anti-rotation device 920. By
including an anti-rotation device 900 into the method of sin-
gulation, acceleration forces 930 can be applied to the mail
article 914 without damaging the mail.

The foregoing description details certain embodiments of
the systems, devices, and methods disclosed herein. It will be
appreciated, however, that no matter how detailed the fore-
going appears in text, the systems, devices, and methods can
be practiced in many ways. As is also stated above, it should
be noted that the use of particular terminology when describ-
ing certain features or aspects of the invention should not be
taken to imply that the terminology is being re-defined herein
to be restricted to including any specific characteristics of the
features or aspects of the technology with which that termi-
nology is associated.

It will be appreciated by those skilled in the art that various
modifications and changes may be made without departing
from the scope of the described technology. Such modifica-
tions and changes are intended to fall within the scope of the
embodiments. It will also be appreciated by those of skill in
the art that parts included in one embodiment are interchange-
able with other embodiments; one or more parts from a
depicted embodiment can be included with other depicted
embodiments in any combination. For example, any of the
various components described herein and/or depicted in the
Figures may be combined, interchanged or excluded from
other embodiments.

With respect to the use of substantially any plural and/or
singular terms herein, those having skill in the art can trans-
late from the plural to the singular and/or from the singular to
the plural as is appropriate to the context and/or application.
The various singular/plural permutations may be expressly
set forth herein for sake of clarity.

Itwill be understood by those within the art that, in general,
terms used herein are generally intended as “open” terms
(e.g., theterm “including” should be interpreted as “including
but not limited to,” the term “having” should be interpreted as
“having at least,” the term “includes” should be interpreted as
“includes but is not limited to,” etc.). It will be further under-
stood by those within the art that if a specific number of an
introduced claim recitation is intended, such an intent will be
explicitly recited in the claim, and in the absence of such
recitation no such intent is present. For example, as an aid to
understanding, the following appended claims may contain
usage of the introductory phrases “at least one” and “one or
more” to introduce claim recitations. However, the use of
such phrases should not be construed to imply that the intro-
duction of a claim recitation by the indefinite articles “a” or
“an” limits any particular claim containing such introduced
claim recitation to embodiments containing only one such
recitation, even when the same claim includes the introduc-
tory phrases “one or more” or “at least one” and indefinite
articles such as “a” or “an” (e.g., “a” and/or “an” should
typically be interpreted to mean “at least one” or “one or
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more”); the same holds true for the use of definite articles
used to introduce claim recitations. In addition, even if a
specific number of an introduced claim recitation is explicitly
recited, those skilled in the art will recognize that such reci-
tation should typically be interpreted to mean at least the
recited number (e.g., the bare recitation of “two recitations,”
without other modifiers, typically means at least two recita-
tions, or two or more recitations). Furthermore, in those
instances where a convention analogous to “at least one of A,
B, and C, etc.” is used, in general such a construction is
intended in the sense one having skill in the art would under-
stand the convention (e.g., “a system having at least one of A,
B, and C” would include but not be limited to systems that
have A alone, B alone, C alone, A and B together, A and C
together, B and C together, and/or A, B, and C together, etc.).
In those instances where a convention analogous to “at least
oneof A, B, or C, etc.” is used, in general such a construction
is intended in the sense one having skill in the art would
understand the convention (e.g., “a system having at least one
of'A, B, or C” would include but not be limited to systems that
have A alone, B alone, C alone, A and B together, A and C
together, B and C together, and/or A, B, and C together, etc.).
It will be further understood by those within the art that
virtually any disjunctive word and/or phrase presenting two
or more alternative terms, whether in the description, claims,
or drawings, should be understood to contemplate the possi-
bilities of including one of the terms, either of the terms, or
both terms. For example, the phrase “A or B” will be under-
stood to include the possibilities of “A” or “B” or “A and B.”

All references cited herein are incorporated herein by ref-
erence in their entirety. To the extent publications and patents
or patent applications incorporated by reference contradict
the disclosure contained in the specification, the specification
is intended to supersede and/or take precedence over any such
contradictory material.

The term “comprising” as used herein is synonymous with
“including,” “containing,” or “characterized by,” and is inclu-
sive or open-ended and does not exclude additional, unrecited
elements or method steps.

All numbers expressing quantities of ingredients, reaction
conditions, and so forth used in the specification and claims
are to be understood as being modified in all instances by the
term “about.”” Accordingly, unless indicated to the contrary,
the numerical parameters set forth in the specification and
attached claims are approximations that may vary depending
upon the desired properties sought to be obtained by the
present invention. At the very least, and not as an attempt to
limit the application of the doctrine of equivalents to the scope
of the claims, each numerical parameter should be construed
in light of the number of significant digits and ordinary round-
ing approaches.

The above description discloses several methods and mate-
rials of the present invention. This invention is susceptible to
modifications in the methods and materials, as well as alter-
ations in the fabrication methods and equipment. Such modi-
fications will become apparent to those skilled in the art from
a consideration of this disclosure or practice of the invention
disclosed herein. Consequently, it is not intended that this
invention be limited to the specific embodiments disclosed
herein, but that it cover all modifications and alternatives
coming within the true scope and spirit of the invention as
embodied in the attached claims.

What is claimed is:

1. A device for reducing rotation of an article comprising:
a base;

a drive belt connected to the base
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a torsion element connected to the base, the torsion element
disposed in proximity to the drive belt;
a rotatable member coupled to the torsion element, the
rotatable member rotatable between at least a first posi-
tion and a second position about an axis which extends
through the center of the torsion element; and
a revolving member coupled to the rotatable member and
configured to revolve about an axis perpendicular to the
base; wherein:
when the rotatable member is in the first position, an
outer surface of the revolving member is in contact
with the drive belt, and

when the rotatable member is in the second position, the
torsion element applies a torque to the revolving
member via the rotatable member, and the outer sur-
face of the revolving member is in contact with, and
applies a force to, an article which is also in contact
with the drive belt.

2. The device of claim 1, wherein the torsion element is a
torsion bar connected to the base.

3. The device of claim 1, wherein the torsion element is a
helical torsion spring disposed within or around a structural
support member which is connected to the base.

4. The device of claim 1, wherein the rotatable member is
a lever arm.

5. The device of claim 1, wherein the rotatable member is
configured to transition from the first position toward the
second position when the drive belt brings the article into
contact with the revolving member.

6. The device of claim 1, wherein the central axis extends
perpendicularly relative to the elongated axis of the rotatable
member.

7. The device of claim 1, wherein the force applied by the
revolving member to the article comprises a frictional force.

8. The device of claim 1, wherein the revolving member
comprises a plurality of wheels rotatably disposed on a wheel
shaft, the wheel shaft being coupled to the rotatable member.

9. The device of claim 1, further comprising a shaft posi-
tioned along the central axis, wherein the shaft is coupled to
the rotatable member, and the revolving member is disposed
about, and configured to spin relative to, the shaft.

10. The device of claim 1, wherein the revolving member
comprises a shaft portion and an extended wheel portion fixed
to the shaft portion, the shaft portion and the extended wheel
portion configured to rotate about the central axis, and the
shaft portion coupled to the rotatable member.

11. A system for singulating a stack of articles comprising:

a base;

a conveyor belt connected to the base, the conveyor belt
configured to move a stack of articles forward;

a drive belt disposed proximate to the conveyor belt such
that, as the stack of articles moves forward, the stack of
articles contacts the drive belt, the drive belt configured
to laterally accelerate an article in the stack of articles;
and

an anti-rotation device disposed proximate the drive belt
such that a portion of the anti-rotation device is capable
of contacting the drive belt, and configured to provide a
frictional force to a back face of the article, to thereby
resist upward motion of the back face during lateral
acceleration of the article, the anti-rotation device com-
prising:

a torsion element connected directly or indirectly to the
base,
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a rotatable member coupled to the torsion element and
rotatable between at least a first position and a second
position about an axis extending through the center of
the torsion element,

a revolving member coupled to the rotatable member
and configured to revolve about an axis perpendicular
to the base;

wherein, when the rotatable member is in a first position, an
outer surface of the revolving member is in contact with
the drive belt, and
wherein, when the rotatable member is in the second posi-
tion, the torsion element applies a torque to the rotatable
member and the revolving member, the outer surface of
the revolving member is in contact with the back face of
the article, and the front face of the article is in contact
with the drive belt.
12. The system of claim 11, wherein the drive belt and the
conveyor belt are positioned on different, non-parallel planes.
13. The system of claim 11, wherein the drive belt is per-
forated.
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14. The system of claim 13, further comprising an air-
moving component configured to apply a suction force to the
front face of the article to thereby couple lateral movement of
the drive belt with lateral movement of the article.

15. A method of singulating a stack of articles while reduc-
ing damage to each article, the method comprising:

moving a stack of articles forward;

separating and laterally accelerating a forward-most article

from the stack of articles; and

applying a frictional force to a back face of the forward-

most article to resist upward motion of the back face
during lateral acceleration of the forward-most article,
wherein the frictional force is applied to the back face by
a revolving member indirectly coupled to a torsion ele-
ment when a lever arm coupled to the revolving member
rotates from a first position to a second position about an
axis extending through the torsion element thereby caus-
ing the torsion element to exert a torque on the lever arm.

16. The method of claim 15, wherein the torsion element is

a torsion bar or a helical torsion spring.
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